The life cycle of Tanytarsus debilis in two trout-ponds at Mirwart (Belgian Ardennes) has been investigated. The main characteristics were deduced from an analysis of the larval population dynamics. Photoperiod and temperature appear to determine the annual pattern. T. debilis is a spring and summer species and is trivoliine at Mirwart. Special attention is given to the synchronizing effects of diapause phenomena on the emergences and on the larval growth periods. The literature data, exclusively on adults, have been reinterpreted. 
Introduction
This paper is a synthesis of investigations on T. debilis at Mirwart. It is the second paper in a series on the life cycle of Tanytarsus-species.
The chironomid fauna of two trout-ponds, i.e.
Pond 111 and Pond IV at Mirwart (Belgian Ardennes), was sampled between May 1976 and May 1978.
The ponds belong to different trophic types : Pond III was rather eutrophic and Pond IV more oligotrophic (Goddeeris 1990 ). Nevertheless, both ponds were dominated by the same Tanytarsus-species, of which T. debilis was the most common.
An analysis of the length frequency distributions of the larvae at regular sampling dates indicated that T. debilis is a trivoltine species with emergence periods in spring and summer and an overwintering diapause in the 3rd instar stage from late summer 1. Koninklijk Belgisch Instituut voor Natuurwetenschappen, Zoetwaterbiologie, Vautterstraat 29, B-1040 Brussel, Belgium. (Goddeeris 1983) . Furthermore, this yearly diapause was supposed to be the synchronizing factor of the spring emergence. In order to falsify this hypothesis, the development of the overwintering larvae was re-examined by an imaginai disc analysis, a more accurate method for this purpose. This is the very first investigation on larval population dynamics in T. debilis and the results are compared to the rather poor literature on adult emergence.
Methods
Methods used for sampling and analysing the field data are described in Goddeeris (1989) . The present subdivision of the 4th instar stage of T. debilis, based on imaginai disc development, is similar to the one used for T. sylvaticus by Goddeeris (1990) .
Morphology of larval stages was described by Goddeeris (1984) . Unfortunately, it was impossible to distinguish between the first instars of T. debilis and those of other Tanytarsus-spedes at Mirwart.
Article available at http://www.limnology-journal.org or http://dx.doi.org/10.1051/limn/1991011
(2)
In a photoperiod experiment, T. debilis larvae were submitted to two different daylength programs, in order to get indications on the overwintering con ditions of this species. Benthos samples were taken at Mirwart on 14.10.1980 and were kept in darkness at 6°C. Larvae of T. debilis were sorted the next day.
As expected, all were in the 3rd instar stage, in which T. debilis appeared to overwinter at Mirwart (see 3.1). Eleven larvae were submitted to a short-day program (8 h 45' light per day at 17°C) and twelve larvae to a long-day programm (16 h 15' light per day at 17°C). Two Bekso-incubators were used, each equipped with three Acec LF-15W Phytor lamps al about 30 cm of the culture glass, in which the lar vae were reared together on Tetramin-food. During the first month, the incubators were interchanged every week, after the adaptation of the light pro gram, of course.
Results

Lenght frequency analysts
Length frequency distributions of the T. debilis- Since T. debilis is a dynamic species with rapid changes in the population structure, its hfe history is most easily described on the results from pond IV during the 1977-season, as larval densities were very high, cohorts well separated and because sampling frequency proved to be ample. The statements given below were corroborated by comparing all data from both ponds over the two years. It should be noted that some differences between the poptilation structures of early April over the two years were apparent. In pond IV, on 11.4.1978, the distribution was normal and broad, with a mean length of only 3.79 mm. In the same pond, but on 12.4.1977, the distribution was skewed to the left, with a mean length of 4.71 mm.
The emergence of the overwintering cohort occurs in mid spring. More than half of the cohort had already emerged by late April in each case, despite the differences in population structure in the first half of April. The very last emergences of this spring emergence period occured in mid-May.
Second emergence period in July
In the second half of May, with an amazing regu larity, the first 2nd instar larvae of a second cohort were found in the benthos. Only in pond was the onset of the second cohort retarded till early
June, but this particular cohort appeared unsuccess ful and should, therefore, be considered less representative.
The recruitment of larvae for the second cohort is limited in time, as demonstrated in pond IV-1977 where this recruitment stopped in the second half of June. Larval growth in the second cohort appea red to be continuous and the emergence occurred between the end of June and early August.
Third emergence period in August
From early July onwards, with part of the larvae of the second cohort still in full development, off spring of more advanced members of this second cohort were already observed in the sediment and constituted a third cohort.
At high temperatures, development seems to be very fast. In the course of time, second and third cohorts began to overlap, as the fastest larvae of the third cohort caught up with the slowest ones of the second cohort. However, this overlap appeared limi ted and the two cohorts were still recognizable, even 
Overwintering in the 3rd instar stage
During late summer and autumn of the two year periods, the dynamics of the fourth cohort demons trated an extreme similarity in both ponds. At the end of August, the fourth cohort always consisted of a large peak of 2nd and a very small minority of 3rd instars. During early autumn, the 2nd instars mouhed slowly to the 3rd instar stage and, by mid-October, the proportion of the 2nd to the 3rd instar larvae was reversed, compared to late August.
Furthermore, 4th instars were never observed in autumn. Unfortunately, the ponds were drained from mid-October till mid-December, but a num ber of puddles were still present, and the sediment remained wet by seepage. Nevertheless, the larvae appeared really blocked in the 3rd instar stage during autumn and winter, independently of this drainage :
(1) Already before this drainage, in mid-October, some 3rd instar larvae reached lengths at which 4th instars may be expected (2). In late autumn and win ter the mean length of the larvae had even increa sed, but the frequency distribution became even nar rower, the 3.25 mm length class wass not passed and not a single larva was premoulting (recognizable by the eye spots, shifted to the back of the head cap sule) (3). In early spring, an increase in length of the 3rd instars was observed just before moulting, the 3.25 mm limit was passed and the frequency dis tribution became broader again.
Photoperiod experimeni
This experiment started on 16.10.1989 ; the results are represended in the figure 1. During this experi ment, important differences in the development of the larvae between the two light programs became apparent.
Less than three weeks after the onset of this expe riment all specimens of the long-day program emer ged in a few days'time : 9 specimens emerged bet ween 1.11 and 3.11.1980 , and the 3 remaining spe cimens were in the pupal stage on 3.11.1980.
Compared to the long-day program, the larvae in the short-day program were significantly retarded in their development. November onwards, the third instars were bold with a swollen thorax, similar to prepupating 4th instars.
The first emergence in the short-day program was noticed on 8.12.1980 ; it was the 3rd instar with shif ted eye sports at 20.11.1980 . The moulting of the other short-day larvae was discontinuous, but once in the 4th instar their development appeared fast and continuous : whenever 4th instars were observed, their emergence followed within a few weeks. The last emergence in the short-day program was obser ved on 6.3.1981. The emergence period in the shortday program lasted three full months !
In conclusion, overwintering larvae were retained for a longer time in the third instar stage in the short day-program than in the long-day one. Furthermore, the resumption of development is characterized by a large individual variation in the short-day program.
Imaginai disc analysis
Plate IV illustrates the results of the imaginai disc analysis on the overwintering larvae at Mirwart, 
Discussion
The data from Mirwart are unique because they are based on the population dynamics of the larvae. (Sandberg 1969) . This is about three weeks later than at Mirwart, where the latest emergences are limited to early September by the onset of the overwintering diapause during August.
But the mean water temperature in August was 2rC
in Lake Erken, i.e. about 5°C higher than in the Mirwart ponds.
The factors actually ruling the release of the over wintering diapause also remain obscure in our field data. At Mirwart, the diapause condition was always left around early March (rather short daylength) at about S^C. However, direct comparison of these environmental factors at the onset and at the end of the diapause should be dissuaded, because the metabolic condition of the larvae probably changes during winter. Futhermore, the trend of changing daylength, i.e. shortening or prolonging, is oppo site during spring and autumn. The influence of the photoperiod may become less important during the course of the overwintering diapause. In field con ditions, reaching and crossing a certain temperature limit in spring could be the effective trigger to relea sing the overwintering diapause in 7". debilis.
In the photoperiod experiment (3.2.), 3rd instar larvae of October, i.e. diapausing larvae, were sub mitted to short days and to long days, but at 17°C. (1) The constant population structure at the end of August, described above, does not indicate the influence of a fluctuating factor such as food. (2) In spite of the different trophic types of the two Mir wart ponds, both populations exhibited an identi cal development of the overwintering diapause. (3) At the end of August, the 4th instar larvae grew without any interruption or indication of food shor tage, while the younger instars entered into dia pause. Such a sharp difference between the larval stages can hardly be attributed to the food factor. 
Prepupating diapause
The development of the spring larvae, once they left the overwintering diapause, does nol appear to be continuous, at least with regard to the forward larvae. The imaginai disc analysis of the spring lar vae at Mirwart (see 3.3.) argues for a short diapause in early April, but this time limited to the substages IV5-1V7, with an absolute threshold at the IV7b- 
Synchronization
The life cycle of T. debilis is characterized by emergence periods, which are limited in time. Espe cially the spring emergence is quite distinct and com pletely separated from the summer emergences. At
Mirwart, the spring emergence of a whole popula tion does not last more than four weeks, i.e. it is limited to mid-spring. Locally, i.e. under one trap, the emergence appears to be even more synchroni zed, as was demonstrated in the Massif de Néou-vielle, where nearly 100 % of the individuals emer ged within a few days (Laville 1971 ). An attempt is made to elucidate the causal factors of this yearly synchronization in this paragraph.
Threshold and optimal emergence temperatures
In the literature, threshold or optimal tempera tures are suggested as key factor in synchronizing the emergence. The emergence of the overwintering cohort is supposed to occur only when this speciesspecific temperature is reached in spring.
At Mirwart, all spring emergence of T. debilis occurred at about \2°C in late April and early May. In the Lac de Port Bielh (1970) the emergence peak fell just before mid-August, but the thaw was set ting in markedly later that year, i.e. in the first half of July (Laville & Giani 1974 However, since the prepupating diapause is facultative, it cannot be the main synchronizing factor at Mirwart. In some years, the prepupating diapause could not be detected, as the larvae were not yet (or hardly) prepupating when the 9°C threshold was reached (e.g. pond IV-I978), but even then the emergence remained well synchronized. In the long-day program at I7°C, the emergence was extremely well synchronized, but also these larvae did not pass through a prepupating diapause. The synchronization of the spring emergence is only partially reflected in the later emergence periods, due to the individual variation of larval growth and development. At Mirwart, the second emergence period was about twice as long as the first one and already overlapped the third. However, the third emergence period was shorter again, as it was interrupted by the onset of the overwintering diapause in August.
Lenght growth
Temperature is a well known environmental factor which greatly influence growth rate in invertebrates in general, and in chironomids in particular.
At Mirwart, the mean growth rate of T. debilis in (1938) and Thienemann (1948) , both sub T. sam boni, as misidentifications. To avoid such erroneous identifications in future, a refined diagnose of this species was given by Goddeeris (1984) . Furthermore, a new species of the verralli-group was found in West-Flanders (Belgium) (Goddeeris, in prep.) .
Adults of T. debilis
have been captured from midspring till late summer or early autumn in Europe (Armitage 1970 , Birkett 1976 , Brundin 1947 , 1949 , Morgan & Wadell I96I a&b, Reiss & Fittkau 1971 , Sandberg 1969 , Thienemann 1950 glabrescens).
The fact that in the literature, the emergences of T. debilis are only observed from mid-spring onwards, and not earlier, is in complete concordance with the larval data from Mirwart. In spring, after releasing the overwintering diapause at about 5°C, the larvae have still to pass the 4th instar stage before pupation and emergence. The duration of this spring development depends on the growth rate in relation to temperature regime, but in natural conditions. emergence may only be expected several weeks after spring onset. In the Néouvielle lakes, T. debilis only emerged during summer (Laville 1971 , Laville & Giani 1974 : the spring period (from late May or June) appears too short for the winter larvae to finish the fourth instar stage before summer.
The emergence always stops from late summer or early autumn onwards. According to the Mirwart data, later emergences appear impossible because of the onset of an overwintering diapause in August.
Voltinism
The emergence of T. debilis is always linked to spring and/or summer, but significant differences in the number of emergence periods are observed.
At Mirwart, T. debilis was always trivoltine.
however, although this third emergence period was important, it is our opinion that it only consisted of a partial generation, the other part of that gene debilis is a univoltine summer species, but spring starts late there and water temperature never rises above 17°C (Laville 1971) . In some populations, a few adults were observed in mid-August, isolated from the emergence peak of July ; these adults may belong to a partial second emergence period.
In favourable years, with high August tempera tures, the emergence stop of T. debilis appears post poned untill late September (cf. Sandberg 1969) .
High August temperatures at Mirwart should post pone the onset of the overwintering diapause and allow a complete third emergence period, and even the beginning of a fourth one.
T. debilis is potentially a multivoltine species, des pite the fact that its emergence is Hmited from midspring till early autumn. The temperature regime of the habitat determines mainly the number of emer gence periods. The food factor appears of secon dary importance, as T. debilis was always trivoltine at Mirwart, despite different trophic conditions.
Conclusions
In the Mirwart ponds, the life cycle of Tanytar sus debilis follows a constant annual pattern {fig.
3). It is a trivoltine species with a first emergence period in mid-spring and with two emergences in The ecological significance of such species-specific life cycle characteristics has been demonstrated for the Tanytarsus-spQcies at Mirwart (Goddeeris 1987 
